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(54) ULTRAVIOLET LIGHT EMITTING DIAMOND DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diamond pn 
junction diode and a pin junction diode capable of emitting 
ultraviolet light, 

SOLUTION: An ohmic electrode is formed on a boron- 
doped p-type semiconductor diamond thin film (p-type M 
layer) or an electroconductive substrate brought into 
contact with the thin film. A phosphorus-doped n-type M 
semiconductor diamond thin film (n-type film) is formed % 
directly or via an undoped diamond thin film on the surface 1 w 
of the p-type layer without being brought into contact o M 
with the ohmic electrode. An ohmic electrode is formed on 
the surface of the n-type layer without contacting the p- c,o 
layer or the ohmic electrode formed on the p-layer. 
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[#fF«t$©ISH] 

maimi] t^mv-^vw^mwy^^^ym 
m (psji) m\zm&&z>wt7>F~-?¥-i j r : E> 
mm am) £«^TniiJjituTU>F-:/ns 

n U pS»fe«ktfnI!ll<D*iiiKHMd53 

«t« 6*i«. z t mm t -r* y-r ft > h «*ttB3K* 

2 3 5 nm ( 5 . 2 7eV) 
ft bf- £ t * <j? *Rtf >J > H - -/y -f ft > H KB*© 
2 6 0 8 0 nmClf-i/Sjt^P- 

«*«ttft»#8 l ©^ft> tmtVtMttt. 

[tt#«3] pglI©*£*Ji}S*<l x l 0" cm" 1 
KilxiO !, cm" HT<Z>ftj£-?&ft*M*«i 5 0 c 
m'/V'secWT, nSJlO'J X 1 0 

1 ' c m" 1 6U 1 X 1 0 ! ' c m" J £n ? a>»*TaiI»IlS 
*t i o cm'/V • s e c^±T, #7-FJ!/S*-fe> 20 

sij $ *i* ^-f f * > H *M £ «t o $ $ $ ft t n s z t % 
rnkt-rt mxm 1 ©^-f ft > prwms***.' 

masn ( i i d «Hfc»i«aftTv>ei:i:ft»«tr 

[»*«5] p£»fc#*3:^Att*tf 30 

ttaap^-fft^aMgoWB (pii*w$nt 
suit P sjia^-r f t > Fassfcflrr * c tfc < m 

(in) *Hic«MsanTv>s£i4*M*fcTs»# 

ElW^f^FKMfiSyfc*^. 40 
[Mf#E7j pSJlC^T-S^-A'ttmWnSIJit 

-r a c t a t f * «#* 6 © ^ f ^ > k * 

Clf^igS] pS«^fi*Hafb*'5* (c BN) , 
-f i)i>>>A (Ir), (ND.a* (P 

t) . Mit'yV3> (S i C) , *fctt->U3> (S 
i) © fl 1 1) «l«Sffll;AfDlt^->t^ 
/£fi£ftT^^&#f!£Tr5HS*lSl©^'fft> 50 
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M*«9] pffi»K:#1-ft *-££*«*««©* 

ffl (piiwt^nTus^i) cs^ru pgji 

pgl&tf^f*>P*«fc»1-*£ifc<#&Sn 

fc*- Att *«ai uTiittta c txrnm* z t z 

(C {111} «S«ffl*«3EfiWlC«ffflbfc*eft*iltL, 

S© {1 1 1} »ftBC©*»S?WK:riEftbT»#*» 
$ u t v > 5 c t a mm t T 5 W*^ 1 © y-f f t y H X 

mm ivsmifim&tstiTtotttoW) k»j*s*u pi 

C P SMRrW'f tt> * Ci^< JgjftS 

tut*- mmm*® utmsts c £tiwts z t 

[W*^123 W*^5> 7, 9Sfcttl l©pn» 

*t«»2 0 VK*lr»T3«fJ3l'±T*6e:i*1«»tf ft 

[««3fi3] IMWIlJ!6t»l/l 2®V»-fft*6«* 

1"S^t ; £>F©pnj|^feftp i ntt^'f*- 
K. 

[0 0 0 1] 
[0 0 0 2] 

«, : *r»«tt»it (B*ttttft^W - Pi 

80(1999)^HM, S. Matumoto, el. al., Jpn. J. App 
l.Phys., 21 L183 (1982) . ) . 

[0003] ^fc, ^m^y-i^ ; e>H©^fcinuT 

tt, fl5*jSEEffiTtt*f*K-7 r ©pa!)l¥*#^'ff 

swHt** tt > mm (#ms 5 9 - 1 3 7 3 9 

6) &±myi*-7<DnM¥%fcy-i^*:ymm 

(S.Koizumi, et.al., Appl. Phys. Lett, 71, 1065 (199 

7) . #Hil¥8 - 9 6 9 0 3 0 1 )0fl«*tWe**. 
[0 0 0 4] jMHSCaWTB. 7>H-^0«W!fey 
-ff ; E>Hi«, *>5#H-^©pS¥^^'rf ; E> 



n&nm<Oftm*SJffitf3.oT^2><R. Sternschulle, 
et. al., Proc. Mat. Res. Soc, 423, 693(1996).) . 
[0 0 0 5] V>Y~-?<Dr\m*MV£#'1 J r : £>mWk 
OJ&mt (111) «i»H©#"T?We*D, fm&& 
^<^>F©-#0£5gt®®Tc&S (10 0) 

< is (S. Koizumi, et. al, , presented at Diamond 2000 
international conference, 2-7 September 2000, Port 

0. ). 

[0 0 0 6] *2*F-7©pffl¥«#*<l'i' i E>F* 
II:MtS*-Sy?iiMHf^> (T i ) ftKO 
««5?*»Jc±0rI*t*«. 4 0 0tt«oMli:J; 

jf^fie«fc«»)gi LT£fc*§t«:»l£f « (S. Yamanak 
a: Doctoral thesis, Faculty of Material Science, Un 
ivercity of Tsukuba, Tsukuba, 1999.) . 
[0 0 0 7] U>H-'/fflni«y-it ; E>H» 

T**. #U£A (Ga) 1*f>tf-A3 Ok 

ttfi»*»#6ft«. ^f >««GafC|5g&ttf, 7;l/rf 
> (Ar) , MS (C) , U> (P) ftfi-Cfe^T* 
5(T. Teraji, et. al., Appl. Phys. Lett, 76, 1303 
(2000). ttRWl 1 - 2 4 9 9 1 0) . 
[0 0 0 8] ^-ftt>HOATDlW + ->tiWg 
tti^SSft*^* (cBN) (S.Koizumi, et. al., A 
ppl. Phys. Lett, 57, 563(1990).) , -fiJi^A (I 
r) (K. Ohlsuka, et. al., Jpn. J. Appl. Phys. 35, 
LI 072 CI 996) . ) , — «jir)\> (N i ) (Y. Sato, et. al., 
Proc 2nd Int. Conf. New Diamond Sci. Techno], p37 

1, Materials Research Society, Pi I tsburgh (199 
!).')> (P t) (T. Tachibana, et. al., Diamond 
Relal. Mater., 5, 197(1996).) , »y'J3> (S i 
C) (B. R. Stoner, et. al., Appl. Phys. Lett., 60,. 

698(1992).), y'J'3> (Si) (X. Jiang, et. al., A 
ppl. Phys. Lett., 62, 3438(1993).) OStfcSfflTfil 

[0009] tmw-mw-i ^y *w§xm 
-n\t-m\z^^-i\^yY%m^m^. £«a 
^^^ymmo^z^r^ $L3L&Vr<Dmm\z 

■m (cvDft) fc*nT, din mBm^mmz 



8oo~8 5 QV.n&vvc&m&mz&^Ty-i^^y 

Fj&g*fr*.fcf«fc^(M. Rosier et. al., 2ndlnt. Con 
f. Appl. Diamondo Films Relat. Mater., p. 691, MYU, 
Tokyo (1 993). ). 

[OOIO] ^tt^FOpn^Kc^T 
tt, £^ilU>F-:/^^>Fiiii£#Sfl*?* 

* s/ + ^ t * n& * >? * f - y p a ^i* y -f * 

10 ymm m%m2) (A. Aleksov et. al., Proc. ADC 
/PCT' 99, Edited by M. Yoshikawa, et. al., p. 138, T 
sukuba, (1999).) #Sl&nTV>*>. 
[0 0 11] 

[»WjWWfcL-J:3 4:-r*MW L*>bft*t&, lift* 
tt, ^■^ ; E>F'MpnS^3ilC*J^Tfe^%^ 
20 [0 0 12] 

[gsji£«?i*f sfc*»^i£] *xna. ±EOHUlS 

K^Hi^^^K-^p^^^ifMro^l^lc*^ 
Tp nftfcSiPJfcbfc^ftaft*? *»«f«. 

[0013] 7y\t--7n^ : tymWi*nm 
vrntoyitty mmtv®*mm®<DmzMi$.L 
tcmmm<Dp 1 n^mm^m&brc^mm^ 

[0 0 14] ^LT, vS***?*** 
30 > H *«* J: i; n S! ¥ W# ^< + 1 > K *« tt*n-f 

ji^rsi, tat)*, pSIkewe*, niictts 
swap bjimf s c t T^-r -v* > g s 

§ilSlt?.2 3 5 nm (5. 2 7 e V) CO%3tfcf-^ 
t*"i7^SU!'J> F-7 p y-Ti' ; e>F(c:il#(D2 6 0 n 
m*6 2 8 Onm (#& J t4. 5eVA>64. 6 e V) 
\Z tf-J^07'D- F&fSftA> FW^f n*»»*t» 

*?s«{Kf So 

40 [0 0 15] £W±3&tt*©*S*BW©JSfltt563fc 

f So 

[0 0 16] 

V<Oj£tVOH*+v:7£8r5, mffi^fi^ (CVD 

So ^^E*#*ji8afK(w»f 5utt. ztip>03*m# 

50 y-f^ ; E>F*J;t;7>F-^wyi'-f ; &>F»^tt^ 
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[0017] yi j r*>mmmm®®m$k-?$>z>rz 

#?2 3 5 nm (5. 2 7 e V) fc, K-^-f +• 

t>FTtt2 3 8 nm (5. 2 1eV) I:, 'J > F-7" 
^t : E>h'Tli2 3 9 nm (5. I 8 e V) 10 

0. 06eV, U >©$£-? 0. 09eVT$>l3, 
3tM3«fctf 'J > F-TWl'-V^ HTfbSfilftt+^t 

[0 0 18] *9*tt^^>F*K;f3^T«1ii^ 
H±<t0 0. 3 7 eVO«ih#ift7^-fc^-IHft* 

J6<fcQ0. 8eVO*jh»ffcH^- «W4t»J*T«. 20 
H-^pffl***^ FSHt 'J > F-7 

K*fc#;H»T*6. pUSfCIEflflE, niil:M£E 

*wapf *«*i*n»#*Mic*v»T n aurei* * u 7 

T*««-T L f4pfflJite / J>l!t*^U7iL.TttASn, P 
S«f±=¥ t U 7TS.5E?Ltt n SJIiZ^ft4 + U 7 1 

>l*— ^JBtpffl. nS¥***0|«teSM,l£p i nl 
1K*HTB i *©ttffl-C»fPt£EI*Ji«3k«. 30 
[0 0 19] ±EOpnW6J:tfp i n**^*- 

s» k j; t» * n * » , ft 6 n s » jt tt a * 

5S£tt©iSS^7>F--:A Jt?"?*H-7'*«kr;'j>H- 
7«^£©#7-bVl/3*y^>x*J;l>*7* MPS* 

-:/^i?^> F»J$©#mW&2 6 0 nm*6 2 8 0 
nm (*5J;tf4. 5eV*5 4. 6 e V) ttf-^Sjf 40 
-D-fv- F&SSft58ft/t>Ft>«iMaft*. 
[0 0 2 0] ^©dt^Sfc, ^©fflggKfc^Tte, 
p Sf»<0*:^7*«aE*« 1 x 1 0" cm"Hil X 1 0" 
cm"KT«TMM»5 0 cm'/V ■ s e 
cJJUiT, n8M«)iJ>»j*tlxiO"cHi-'K±l 
Xi0"cm-' UT<DimT°mmmmtf 10cm7 
V • s e cH±T, *V-K;l/5^>yt>X$.5Vifi7 

iz*mtsnrc!&m®m(om®&\z&®t2>%yttf 1 o 50 
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[0 0 2 1] *UT, pffl«jWlftfi»tt*»'3^'f'V 

din a®K»j6sanTn«^t*# 
Mtrs^^t^HW^jtssjtsif^ftttsn***. 

t TJtttw*sii^±tt iz&titc 94 * > h mm 6 

[0 0 2 2] £©*§&, flAtf, pfiJUCjrt-**- A 

te«tttf*«fiWtt*8o*-r**>F««©*S (p 
aiJi*«»)*anTv»ttir»ii) i:M§n, psitcMu 

tsrra z. t& < »j«snfe*-A'tt««sauTii*-r 
* £ t-enff-r* - 1 mmtrzmxm 1 era*©* 

[0 0 2 3] pl!B*«lfi»tt©^'f'tt>KJ|itS* I 1 
1 1 } *BfK:»fifc*ftT^6ttS**«fr*K^JtS5 

[0 0 2 4] IWtt^'f+ ; e>F*fi« ; ffl^a;:tT?. 
<fc07S£tt©SS^#'7Sli F-7\ U>K-7 P *3±CX7> 

[0 0 2 5] £©}§•&, WAtf, p^«tC*fTS^-A 
tt«i«»nfflllCtt-r*CtJ!e<»J«*tl, nlMB 

[0 0 2 6] yLU^mit^m (cBN) , -f 

'Jy^A (I r) , =.-vir)V (N i) \ (P t) . 
mt*sVa> (SIC) . Sfett->Un> (Si)© 
Ull) £A£&$m>. *ftS©aH'W'('-\' ; E> 

tb«w^^tt©ii;^^i' ; E>Kii)i^^§n, ^ 

■V ; E>K»«ttfc'<T5etf&* ; f©fP'«*JflIl)6t&*. 
[0 0 2 7] £©*£, pS!Ji(c^TS^-A'tt«M^ 

ft. pS«C»lxT**ftjiUT«»tt#&^!S:*n, n 

SA«Hiz p mmmsv-i -v* > Ha^tc^-rs eta 
< »dtaft&*-Att*a*a bxaw-r* c tr»# 

[0 0 2 8] S6t. *^BJT«> p^l*^-1r ; &> 



f &*©*««»£ {111} mm^mmzmmb 
tzM$mmt lt^su din «jsico*riE* 

Ji#B^fc»av>fcUJl*ttaA/rpS!«© {ill) 
<8iilHT©#pni;&ttp i nft£*t»jfc3n4*§it* 

So 

[0029] pa*c«f**- Attm^x 

pS!g|K:»bTa6«*abT«8iEttlS*«aan. nil 

& a ntz a £ a l TiiST * z: t -ante* a 
[0 0 3 0] *d-r^TK:**«*Sb. ^^tcpb< 

& . fc * 5 Ai#T©fl «fc -3 T*589!*tB£ £ ft 
[0 0 3 1] 

[HKfl] <mmmi>miu, #388©« i ©asitfli 

T****WB*^-f*-.H**fllrlBHT*«. 

f>K (1) CD {111) StgfCT-f^Digc^X'TC 
V D K: J: 0*2* H-T^'i' (pUJI) 
(2) 'S 2 5 U EK-ecoStSfC'V-f 

7" 5 X V C V D j£ fc J; <9 U > F - * * > F MR 



(nSJI) (3) Sl3*D>WrtUT*JWM*Wil/ 
&.«*©*»« 2 mm x 2 mnfCW*l40. 5mmT 
*»C0^jS*ft*«lfcStJ&T*f. ^HUfi 

[0032] pmm<D72-t7t?-®mzi~2x i o 

"cm", IE?L#i)g«^flT^ 1 0 0 cmW • s 
ecW. nSl»h't-Wi5~8X10"cm 
• ' . IWSSBiSTjS 5 0 c m W • s e c T* 

tr-AjR*CJ:t)^>t4 0 0°C(CT1 0 0 nmffl 
ft. £S$l£:bT&&l 0 0nmj*Kt*-3y*M 
(4) fcUfc. nfflflfctt^*>&AfcJ:*«SMJJi!t8i 
«C«V>7^=f>-f*> (Art) £40keV(CTF 
-XllxiO"cm-'aAU *co*HK:±E4:ra* 
CtTAu/TitKMU t-Syi'Si (5) 

[0 0 3 3] H2(4, »10!ttflT&ftK*MB%4''r 

E«EEfc*^TW***«ElillP*wU, ftSSJttt± 1 0 

M#|MM0. 5mA*Sg, HfP«EE2EVadC^6X 
**»««ISn&. %^tt2 7 5 nm8*lCK- 

[0 0 3 4] 



2 WW 



[0 0 3 5] <**fl2>m©*«flCiSl,fcna!Ji 
■©ito* 6 0 0 nm£UTH*©*?*»jSL&. ^-f 
t i E> F©S»Jttt± 2 0 Vte4JHT4WK±T»-3 
fco ISTfettlsHiiCO. 5mAgflE;J»&W«fc«ai3ft, 
*©tt©»flMtBEtt4$.k*2 OVTfcofc. 

[0036] <mM@\3>m3te, mw<D%3<Dmm 

«ST***^5S3t^'f*-H**-riKiiH-e»*. Si 
©*JM!li»&3/&tt, pg«£na!Ji©Wfc7>P- 
T^-^^FWM OA) (6) *t»j*Sfra»«jft' 
TafeSo i HWKiPtt5 0 nmigSt**5o 
*ftf4»lco*lfiWtni;T**. H4C, m9MX? 
-f*-FOS55t1*ttS3ST. iW*Ef4lmA©lif 2 7 
Vg&. 5mA©IKj2 9 VIS, 10mACOB#3 5 Vg 
««JtlDC#V», 2 3 5 nmC9g£AiB?ff 
*SS©f8tt**M«*iBU 1 0mATHMA'>KM 



C»UTl/7g«©»«-rr»ill;Sfta. 
[0 0 3 7 ] <*Jg#iJ4>12!5tt, #?§li©ll 4 ©HH 
«T*S*^563t* r 'f*-Hftw-r»fHiat?»«. Si 
©*M*JiJi&5£tt, T*K*B»tt^'f F&m 

iiCckO. pffl«2's©«tt4f4R«;tt-f*>Xy9 1 > 
yfcJ:0nfflJit*»WlcP>*bT»J«4nT^*j««t 
Sfc*. <-©H*»©*fH4* 1 ©SEJfiWtlRllJT**. 
i©«ifiK:*lr>TBlifP*E 3 0 VSSfiUTfSSJtoWi 
M^n, flr«3tfH*©»3tS;*S!4H*^»Jt*t»j»]S 

* r -f*-H©»*tfctt±l 0VC;Blr>T9*|f8ftT. - 
1 0VK*»taa»*W*jm41 pAJUT Tfcofc. 



( 6 ) 
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[0 0 3 8] <%Mffl5>m7\t, *5EW©8 5©*« 

0 pSIJW3«fctf nSlS»#«fc»SUT-f U ! J*Jh& 

OS*l|«i:WCT*«. C©*|jBlC*V>TH:»iPWIJEE 1 
5 vaaEH±"C»*«««W3*l, »V^S3t*«©fB* 
£ 2 7 5 nmfflf^/O KSSftflMflMSnTV**.. 
[0 0 3 9] <*«W6>H8tt, *ft9J086 0£Mi 

Kil/r»riESft, n£fltt£t3&ttffi©p£M*iI£ 
Xli**S/ + ;WfcftT*&#Jlfca. pSJitttlllli 

pffl«©[lll]lgfl*HC©*fifcS-f*fc», dSft«J«»4 

»««)5:naitLT»rtSnSl:S«. tOB*0* 

fM** 1 ©saw t hist**. cw^tiSic^-niis 

f£»ffi 1 0 VS*£UT»ft*tMIStt. 4 5 0 nm# 
[0 0 4 0] 
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[HIT©1*J|iftK91] 

[0 1 ] »l©**«©SlH t llrt*«*Uft»rllIBT* 
5. 

[0 2] JBl0>««M0«E«m9tt«M^lx^HT» 
*. 

H3] JB3©£*M©**»*£01*L&ISNiiH-Ci& 
5. 

[04] JBaoSmwojBJtt^^jrh^t^UftBBT* 
5. 

[0 5] *4©SliimiO^-f+ : E>H**W8)l6po^-f* 

[0 6] it 4 nxmwnim&y-i 

tt©)f*f$t7n>y h0t?*5o 

[0 7] »6ffl**#l©^ir*>F«a»ftpii^-f!t 
- F5St»llW 'J ^A»A7DJW+i' 
WMJSft Lfcpntt£©»6) 

[0 8] jg6©£MM©^f**>F*rt$Bftpn*'>r# 

[^#©IK^] 

1 *^**«y-f't ; &>p 

2 ***H-?yf irt>P»lll (pil) 

3 U>H-7 p ^-fi' ; &>HjfM (nil) 
4, 5 t-avfll 

6 7>P-^-f-V i E>HIMI (!■) 

7 nm&n 

8 <f yytfAxK^s/^ww* 

9 ftM£¥lii&£tii 
1 0y'j3>IS 
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